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Relevance and Objectives
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Strategy and Approaches

Key ingredients: FMs, VMs, NPs.
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Milestones

Milestone Status

1. Heterocycle-based FMs, Design and Synthesis
Go/No-go Decision: at least 25-30% boundary friction reduction

. Temporary Thinning VM Modifiers, Design and Synthesis
Demonstration of temporary shear thinning

. Nanoparticles in Lubricants and Characterization
Go/No-go Decision: no severe wear

. Model-Assisted Optimal Molecular and Mixing Design: model
developments for the newly synthesized FMs and VMs

. Surface Functionalization and FM-Surface Interactions

. Tribological and Rheological Properties of Lubricant Formulations

. Friction and Wear Tests on Immediate Formulations under Cold
Start, Hot-Stop, High Temperature, and High Shear Conditions

. Further Tests under Industrial Settings
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Technical Accomplishments and Progress
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Technical Accomplishments and Progress

. Novel thermostable FMs: BL Friction
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Technical Accomplishments and Progress

. Novel thermostable FMs: BL Friction
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Technical Accomplishments and Progress

l. Novel thermostable FMs: Cold-start/hot-stop friction
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Technical Accomplishments and Progress

l. Novel thermostable FMs: Rolling-sliding friction
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Technical Accomplishments and Progress
. Novel thermostable FMs: BL films
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Technical Accomplishments and Progress

I. Novel thermostable FMs: Surface adsorption via MD simulations
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Technical Accomplishments and Progress

I. Novel thermostable FMs: Surface adsorption via MD simulations
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Technical Accomplishments and Progress

l. Novel thermostable FMs: Surface adsorption via Nanoscratch

As-coated samples Rinsed by toluene after coating
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Technical Accomplishments and Progress
ll. Di-block copolymer VMs: Synthesis
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Technical Accomplishments and Progress

ll. Di-block copolymer VMs: Characterization
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Technical Accomplishments and Progress

ll. Di-block copolymer VMs: VI comparison

ASTM D2270 for viscosity index (VI)
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Technical Accomplishments and Progress
Il. Di-block copolymer VMs: Traction vs S/R
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Technical Accomplishments and Progress

ll. Evaluations of a preliminary FM/VM formulation
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Technical Accomplishments and Progress

lll. FM/B,0, NPs mixture: Wear tests at 75 °C

Synthetic 5W30 0.5% NPs in
for[nulated oil

Ball wear x
1.1 GPa 1073 (“mA3)
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Responses to Previous Year Reviewers’ Comments

Organosilanes used in this research could not be decomposed at a
temperature below 400 °C.

Different additives will be balanced in our future oil formulations for
the most optimum performances.

Nanoscratch study of the FMs on DLC and aluminum surfaces are
being conducted.

About 20 % extra friction reduction was obtained by adding C18Cyc
directly into a fully formulated 5W30 oil in reciprocating sliding tests at
150 °C without showing adverse effect of dispersives.

Base oils loaded with the new FMs aged at 120 °C for 125 hours did not
show deteriorated anti-friction property.
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Collaborations
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Remaining Challenges and Barriers
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Future Work

Any future work is subject to change based on funding levels.
This presentation does not contain any proprietary, confidential, or otherwise restricted information




2017 DOE Vehicle Technologies Office AMR Meeting, Washington, D.C.

Summary

Objective: Novel lubricant formulations
for improving vehicle fuel efficiency by at

Approaches
Novel friction modifiers, viscosity
modifiers, nanoparticles.

least 2 % without adversely impacting Surface and tribological testing
vehicle performance or durability. Modeling and model-based design
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Technical Back-Up Slides
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Technical Backup Slides

Anti-wear FMs for boundary lubrication
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Technical Backup Slides

Additional MD simulation results
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Technical Backup Slides

Surface adsorption of FM molecules: AFM phase mapping
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Technical Backup Slides

Surface adsorption of FM molecules: AFM phase mapping
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Technical Backup Slides

Additional traction friction test results
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